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CHROMATOGRAPHIC SEPARATION AND MICROBIOLOGICAL 
ASSAY INDIGENOUS AND ADDED COBALAMINS 
CRUDE ANIMAL PROTEIN 


ABSTRACT 

Identical growth, measured turbidimetrically, resulted when Lactobacillus 
leichmannii was cultured previously sterilized assay medium which vitamin 
added aseptically, providing that the inoculum and incubation conditions were 
carefully controlled. From 107% the total cobalamins herring meal 
indicated direct assay were recovered after chromatographic separation 
filter paper strips, elution, and assay. When 500 
cyano- hydroxo-cobalamin was added per gram herring meal and the aque- 
ous suspensions were autoclaved 120°C. for five minutes direct assay yielded 
111% the expected amounts, and this 99% was recovered after 
chromatographic separation. When 10% aqueous herring meal suspensions were 
autoclaved 7.0 with 10, and 100 potassium cyanide per ml. 
the following respective ratios hydroxo- cyano-cobalamin were found: 
95:5; 90:10; 64:36, and 50:50. important difference the total cobalamin 
content herring meal was found result cyanide treatment, but auto- 
claving with 0.5 mgm. per ml. acid caused fictitiously high 
recovery. Qualitative chromatography raw and autoclaved fish kidney and 
beef liver extracts indicated that hydroxo-cobalamin, forms the vitamin 
with similar chromatographic properties, account for least 95% their total 
cobalamin content. The following results were obtained direct assay: sockeye 
salmon kidney 3664, chum salmon kidney 2110, and beef liver 1580 
total apparent cobalamin per gram wet weight, which 71, 91, and 55% re- 
spectively was recovered following chromatographic separation, elution, and 
assay. 


INTRODUCTION 

Since the discovery that vitamin cyano cobalt co-ordination complex 
(cyano-cobalamin) (3), and that number related cobalamins which cause 
very variable response microbiological assay procedures (13, can 
prepared, assay method which will give identical recovery with the different 
forms the vitamin has been sought. Vitamin and vitamin (hydroxo- 
cobalamin) have been the only readily available forms and hence have been 
most extensively investigated. Vitamin obtained catalytic reduction 
vitamin and vitamin which has been prepared from Streptomyces 
fermentation liquors, are apparently chemically indistinguishable (12, 13, 14). 
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Remarkable confusion exists regarding the response the Lactobacilli, 
currently employed vitamin microbiological assay procedures, the 
various cobalamins. Aseptic addition cyano- and 
separately sterilized assay media has been reported some workers oc- 
casion identical growth response assay organisms (11, 12, 15), while others 
have reported that cyano-cobalamin occasions lower growth response than does 
hydroxo-cobalamin under these conditions (4). Sterilization different cobala- 
mins media containing reducing agents has been variously reported 
resulting identical growth assay bacteria (6, 11) and causing much 
lower growth response hydroxo- than cyano-cobalamin (13). Reducing 
substances evidently exert very variable effect the different cobalamins 
depending the conditions exposure them. Thus they have been reported 
have direct destructive action cyano-cobalamin (16) and also form 
adducts with this cobalamin which are more active microbiologically (4, 25). 

Sterilization cyano- and hydroxo-cobalamins media containing cyanide 
but reducing agent has been stated result similar growth assay 
organisms (6, 22). However, the absence reducing agent results com- 
paratively slow growth the assay bacteria; hence only titrimetric procedures 
have been used methods employing cyanide. Autoclaving vitamin 
containing materials with sodium metabisulphite appears stabilize the 
vitamin that will withstand prolonged autoclaving over wide range 
without altering its ability stimulate growth (17). Vitamin 
mutants Escherichia coli have been employed assay organ- 
isms either cup-plate procedure (1, 9), continually shaken liquid 
medium (5). These mutants not respond deoxypentosides but are some- 
what sensitive methionine and are extremely sensitive substances which 
appear very similar vitamin and which occur certain natural 
materials (8). 

There present acceptable standard method for the microbiological 
assay different cobalamins, and there have been few attempts compare 
results obtained with different methods applied crude natural materials. 
Hence not surprising that microbiological assays crude materials such 
fermentation (24), fishery products (23), and animal tissues (19, 20) 
for vitamin have not yielded very reproducible results. The occurrence, 
these materials, hydroxo-cobalamin (23, 24, 25, 26), deoxypentosides (15), 
other vitamin substances (8, 29), and even antibiotics (8, 24) 
may cause either fictitiously high low results. 

The present work was carried out establish conditions under which identi- 
cal microbiological assay results could obtained with cyano- and hydroxo- 
cobalamins, determine how much the total cobalamin content certain 
crude animal protein materials could recovered after concentration 
chromatographic separation using filter paper technique, and finally ascer- 
tain the stability added cobalamins during the autoclaving procedure used 
releasing the indigenous cobalamins present these natural materials. 
the time this work was carried out some the methods referred above had 
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not been published and realized that certain them may prove equally 
reliable and possibly more simple application than the technique 
described. 

EXPERIMENTAL 
Materials and Methods 

Since there appears considerable similarity the vitamin content 
commercial fish meals prepared from herring (23) single 
sample commercial November 1950 flame-dried meal 
selected for use the experiments described. was ground 
mill that all particles passed through 40-mesh sieve and stored 
the dark until required. The chum sa!mon (Oncorhynchus keta) kidney used 
was representative sample taken from material collected during 
November 1950 and stored 4°C. The sockeye salmon (Oncorhynchus 
nerka) kidney was from sample which had been stored for about three years 
and had been used former work (27). The beef liver was small 
sample purchased locally. Crystalline vitamin and vitamin were kindly 
supplied Dr. Woodruff Merck and Co., Rahway, N.J., and crystal- 
line vitamin By, Dr. Luther Chas. Pfizer and Co., Brooklyn, 
New York. 

procedures care was taken avoid exposure the vitamin so- 
lutions bright light, all operations being conducted subdued light or, 
whenever possible, the dark. The vitamin standard solutions were prepared 
and stored glass stoppered volumetric flasks the dark since has 
been found that, under these conditions, they not appear lose their 
potency appreciably for months. 


Microbiological Assay Procedure 

The medium Skeggs, Nepple, Valentik, Huff, and Wright was employed 
without added ribonucleic acid nucleotide (21), and with Lactobacillus 
A.T.C.C. 4797 assay organism. Considerable difficulty was ex- 
perienced obtaining conditions under which identical response the assay 
organism both cyano- and hydroxo-cobalamin could obtained with this 
medium. This may have been due partly the different susceptibilities the 
cobalamins reducing agents such ascorbic acid (16, 28). Though brief 
earlier report this work (25) was stated that the use ascorbic acid the 
medium resulted apparent preferential destruction cyano-cobalamin, 
has been found subsequently that ascorbic acid mgm. per ml. double 
strength medium), mercaptosuccinic acid, thioglycolic acid mgm. per 
ml. double strength medium) all give satisfactory results provided the assay 
conditions are such that rapid growth the assay organism results. the 
medium used cyano-cobalamin much more unstable than hydroxo-cobalamin, 
and several experiments was found that the former inactivated much 
more rapidly than the latter the uninoculated assay medium the presence 
added reducing agent. Possibly rapid growth the assay organism de- 
sirable because under such conditions the cobalamins may not affected 
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appreciably undue exposure reducing agents. not clear whether the 
recently reported ability leichmannii cells bind small amounts the 
vitamin quite firmly (7) has any bearing the necessity for obtaining rapid 
growth order obtain identical results with different cobalamins. The 
vigorous inoculum used (vide infra) may contain sufficient viable cells bind 
the vitamin present rendering unsusceptible reducing agents, and may 
later become available other cells. The following assay procedure was found 
satisfactory and yields identical results with both forms cobalamin. 


The reducing agent was added the freshly prepared double strength 
medium (final 6.5) which was automatically dispensed quantities 
into 150-mm. tubes contained copper boxes. After dispensing the 
required quantities water the tubes were sterlilized for five minutes 120° 
and promptly cooled. Controls were prepared with both cyano- and hydroxo- 
cobalamins adding aseptically from 0.1 2.0 ml. their sterile solutions 
containing 0.2 per ml., four replicates being used each seven levels. 
The separately sterilized aqueous extracts the various protein materials (vide 
were assayed from 1:5000 1:20,000 dilution using four replicates 
four levels. was transferred daily 37° the assay medium 
containing 0.1 (and some experiments 0.2 mugm.) 
per milliliter, the cultures being incubated 16-18 hr. 37° was not 
convenient use these cultures directly ml. was transferred ml. the 
same medium and incubated five six hours 37° Individual assay tubes 
were inoculated with 0.1 ml. 1:100 dilution this culture prepared 
assay medium minus cobalamin, shaken gently, and incubated hr. 37° 
Great care was taken avoid chilling the assay organism any stage since 
this may hinder rapid growth. Identical response the organism both 
cobalamins resulted with this technique involving aseptic addition the 
cobalamin-containing solutions the sterile medium, while their sterilization 
the assay medium containing reducing agent (mercaptosuccinic acid) 
enhanced the response cyano-cobalamin but occasioned decreased response 
hydroxo-cobalamin (Fig. 1). All assays were controlled with both cyano- 
and hydroxo-cobalamin. 


Chromatographic Separation the Cobalamins 

The method Woodruff and Foster which separates cyano- and hydroxy- 
cobalamin from each other, from vitamin (30), and 
also from certain slow-moving factors (27, 30) was used. All operations were 
carried out subdued light, the filter paper strips being developed for hr. 
37°C. The position the cobalamins one the chromatograms was 
located placing agar medium inoculated with vitamin 
mutant Escherichia coli (24) order locate them the remaining chro- 
matograms for elution and subsequent assay. 


One-gram samples herring meal were suspended 9.0 ml. water, 
acid solution (final concentration 0.5 mgm. per ml.), with 
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and without 500 added vitamin per sample (Table 
The samples (pH 6.5) were gently mixed, autoclaved for five minutes 
120°C., promptly cooled the dark, centrifuged several minutes, and stored 
rubber stoppered centrifuge tubes 0°C. the dark. Three chromatograms 
were prepared with each extract (0.01, 0.02, 0.05 ml.) and direct microbio- 
logical assays for total cobalamin content were carried out using the extracts 
the day preparation and after three days 0°C. Duplicate chromato- 
grams were prepared with each vitamin and qualitative 
and quantitative controls. The results obtained qualitative development 
the chromatograms are given Table The findings for crystalline cyano- 
and hydroxo-cobalamin are similar those originally reported (30) and which 
have been verified this laboratory (24, 27). The aqueous extracts herring 
meal showed much more pronounced growth zones corresponding hydroxo- 
cobalamin than cyano-cobalamin, and this qualitative picture was not 
appreciably altered samples which measured amounts these cobalamins 
were added. the samples heated the presence mercaptosuccinic acid 
large growth zones developed which were slightly further from the point 
application than those occupied hydroxo-cobalamin. This indicated the 
formation mercaptosuccinic acid adduct vitamin similar that 
formed aqueous solutions the crystalline vitamin (4). 

The quantitative data given Table show good agreement the results 
duplicate assays both crude extracts and eluates from chromatograms. 
Satisfactory recovery added cyano- and hydroxo-cobalamins from the auto- 
claved water suspensions the fish meal indicated that the heating did not 
cause any serious destruction the vitamins. This result was further sub- 
stantiated assay the chromatographically separated cobalamins. 

considerably higher total vitamin content was indicated when the meal 
was autoclaved mercaptosuccinic acid containing solution. this was 
due the formation more microbiologically active adduct the vitamin 
suggested from recent report (4), from the results qualitative chromato- 
graphic separation reported above, and from the unreasonably high 
recovery the sample containing added cyano-cobalamin. has been found 
the present work that autoclaving crystalline cyano-cobalamin the culture 
medium the presence mercaptosuccinic acid results response which 
greatly excess that obtained from its aseptic addition under identical 
conditions (Fig. 1). The circumstance that the mercaptosuccinic acid adduct 
which formed may rather unstable indicated from the much lower, and 
apparently more normal, recoveries found when the cobalamin was separated 
chromatographically and assayed. possible that partial transition the 
thio-adduct microbiologically less active form occurs during chromato- 
graphic separation. Cyano-cobalamin yields 10% hydroxo-cobalamin when 
chromatographed under these conditions (30). There was good recovery 
mercaptosuccinic acid treated samples. Since 
crystalline hydroxo-cobalamin apparently rather unstable when autoclaved 
the assay medium containing mercaptosuccinic acid (Fig. these results 
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are not easy explain. possible that certain substances the crude fish 
meal suspensions protected the hydroxo-cobalamin. 

That the chromatographic procedure accompanied appreciable loss 
the cobalamins indicated from the excellent recoveries obtained with the 
portions vitamin and both this and subsequent 
experiments. 


% TRANSMISSION 


0 10 -20 30 -40 
MGM. OF COBALAMIN PER TUBE 


autoclaved the medium for five minutes 120°C. cobalamins added aseptically the 
previously sterilized assay medium. 


Experiment 

Cyanide treatment crystalline hydroxo-cobalamin and certain other 
cobalamins yields cyano-cobalamin (13), though treatment crude 
Streptomyces fermentation liquors 5.5 resulted only partial conversion 
hydroxo- cyano-cobalamin (24). The effect cyanide the recovery 
indigenous and added cobalamins fish meal, well its influence the 
ratio hydroxo- cyano-cobalamin the treated meal, was investigated. 
One-gram samples fish meal, with and without added cobalamins 
tassium cyanide, were treated similarly these Experiment except that 
the reaction the suspensions was adjusted 7.0 prior autoclaving 
them. The extracts were assayed microbiologically and portions were 
matographed (Table shortly after preparation. The samples were assayed 
again after four days’ storage 

Qualitative determinations cyano- and hydroxo-cobalamins the treated 
meal extracts (Table showed that not all the hydroxo-cobalamin was 
changed cyano-cobalamin though the size the growth zones corresponding 
cyano-cobalamin increased the samples treated with 100 
potassium cyanide per ml. The quantitative results (Table IV) confirm and 
extend this finding. Cyanide treatment had important effect the results 
found direct microbiological assay, and good recoveries added cobalamins 
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were obtained. Simultaneous elution both cyano- and hydroxo-cobalamin 
zones from one filter paper chromatogram followed microbiological assay, 
showed that between and 98% (average 94%) the vitamin activity 
found direct assay was recoverable after such treatment. Assay each zone 
separately using the remaining chromatogram indicated that the untreated 
aqueous suspension contained 95% hydroxo-cobalamin. Cyanide treatment 
the fish meal suspensions caused only partial conversion hydroxo- 
even when the concentration potassium cyanide was 100 
ugm. per ml. Thus there was, this cyanide concentration, 50% cyano- 
cobalamin with the fish meal suspension alone, and and 61% respectively 
the meals which 500 cyano- hydroxo-cobalamin had been 
added prior autoclaving. appears that cyanide, least the concen- 
tration used, did not cause complete conversion the natural, added, 
the cyano form crude products. possible that 
there very high percentage cyano-cobalamin suspensions treated, 
but that there is, with crude products, pronounced conversion cyano- 
during chromatography. The recovery cobalamins 
calculated from the sum the separate assay values was good with the ex- 
ception the single high value with the one sample (123%). Occasional un- 
usually high low values occur assays this type. 


Experiment 

Aqueous 1:2 1:10 suspensions salmon kidney and beef liver were dis- 
integrated for one minute Waring Blendor. After removing small samples 
for chromatography the raw products, the remainder was each case 
autoclaved for five minutes 120°C., cooled promptly, centrifuged briefly, 
and portions the supernatant extracts were stored stoppered tubes 
0°C. the dark. Microbiological assays for total cobalamins were carried out 
the usual manner, both directly and after chromatographic separation 
the vitamins. 

Qualitative results (Table indicated that both raw and heated materials 
hydroxo-cobalamin, similar form chromatographically, occurs practically 
exclusively. The total cobalamin content the kidney samples was high, 
particularly that from the sockeye salmon, and both had more than the sample 
beef liver (Table VI). However, not all this activity can accounted for 
cobalamins, for with beef liver, sockeye salmon kidney, and chum salmon 
kidney only 55, 71, and 91%, respectively, the amount indicated direct 
assay was recovered after chromatographic separation. possible that de- 
oxy pentosides accounted for some the apparent vitamin activity these 
materials, for sockeye salmon kidncy contains appreciable amounts least 
four these (27). has been shown that practically all the vitamin 
activity certain crude animal protein products, including fish meal, de- 
stroyed treatment with alkali, and with these materials less than the 
total activity was accounted for deoxypentosides (18). 
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DISCUSSION 


the natural animal protein materials examined vitamin appears 
occur very largely hydroxo-cobalamin, similar form chromato- 
graphically. possible that this slow-moving form not hydroxo-cobalamin 
but the type said occur beef liver, condensed 
fish solubles, and other natural materials (10), mixture sulphato-, 
chloro-, and other cobalamins. view this would appear important that, 
unless the tissues extracted are assayed method which gives identical 
results with hydroxo- and cyano-cobalamins, only the former should used 
assay standard and the results expressed terms hydroxo-cobalamin. 
Alternatively, the extracts could treated with cyanide metabisulphite 
(17) and assayed with cyano-cobalamin standard, possibly, media 
containing cyanide (6, 11). However, would appear from the present results, 
and also from previous findings with crude fermentation liquors (24), that not 
all the cobalamin may converted the cyano form cyanide treatment. 
Data regarding the quantitative nature the conversion hydroxo-cobalamin 
and other cobalamins cyano-cobalamin crude products seem lacking, 
and not clear whether very high concentrations are required for 
nearly complete conversion, whether equilibrium established, whether 
conversion proceeds slowly (10). The present work indicates that appreciable 
destruction the cobalamins occurs result cyanide treatment. There 
also the possibility that there greater conversion cyano- hydroxo- 
cobalamin during chromatography these crude extracts than normally 
experienced with crystalline vitamin (24, 30) and thus distribution the 
cobalamins the chromatograms may yield false picture the relative 
amounts present. The fact that, Experiment there was about the same 
ratio cyano- hydroxo-cobalamin potassium cyanide-treated extracts 
which either one these forms the vitamin had been added prior heating 
suggested that equilibrium established. This equilibrium might shifted 
higher concentrations cyanide. However, previous work the addition 
2.5 mgm. potassium cyanide per ml. certain crude fermentation liquors 
(24) (at 5.5) did not occasion complete conversion hydroxo- cyano- 
cobalamin. 


conclusion interest note that the assay certain crude liver 
concentrates chemical method involving the quantitative measurement 
the cyanide from cyano-cobalamin the potassium cyanide-treated ma- 
terials yielded much lower results than did microbiological assays for total 
cobalamins. this work was also reported that only 83% added hydroxo- 
cobalamin was recovered from one these preparations, while added cyano- 
cobalamin was always recovered quantitatively within the probable limits 
accuracy the method (2). One tempted wonder whether these dis- 
crepancies were due differences assay results between microbiological and 
chemical methods, whether the hydroxo-cobalamin (or other cobalamin) 
these crude materials was not quantitatively changed cyano-cobalamin 
under the experimental conditions. 
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THE HETEROGENEITY PAPER 


ABSTRACT 


The variations transmission coefficient small areas mm. diameter 
and less) variety papers have been studied analysis continuous traces. 
The standard deviation and number zeros have been determined the direct, 
length-integration, pulse-counting, autocorrelation, and distribution gradients 
methods. The statistical parameters determined the various methods are self- 
consistent and provide proof the applicability the Rice theory random 
noise. The establishment the basic statistical principles analysis thus pro- 
vides choice possible instrumental methods for rapidly measuring the 
uniformity paper. 


INTRODUCTION 


The physical properties sheet paper vary from point point. The 
variations manifest themselves many ways (8) and are many kinds, 
viz. mass per unit area, degree interfiber bonding, density, fiber composition, 
fiber size, fiber orientation, degree mechanical conditioning, etc. 

primary interest are the variations mass per unit area. For convenience, 
and with certain amount arbitrariness, can classify them 
(extending over distances greater than and (less than cm. 
extent). 

machine-made papers large-scale variations may attributed vari- 
ations concentration pulp stock, uneven delivery stock the wire, 
turbulence the wire, and irregularities drainage. handmade papers 
they are generally absent. 

Small-scale variations are common all papers and result from flocculation 
the fibers suspension before the sheet formed. They cause the paper 
have mottled appearance when viewed transmitted light. 

The visual heterogeneity customarily referred the 
the paper and described the sheet shows large vari- 
ations, the sheet more uniform. 

addition the optical effects produced mass heterogeneity, 
believed (10) that printability and strength properties are influenced the 
uniformity the sheet. 

Although considerable attention given improvement formation 
machine operation, objective method measurement has been generally 
adopted paper makers and grading for heterogeneity usually visual. The 
Davis meter (4) was developed fill this need but has not found general 
acceptance. 

received February 19, 1952. 
Contribution from the Pulp and Paper Research Institute Canada, Montreal, Que. 
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Printing smoothness paper property which depends large extent 
formation and several commercial instruments (2) are available for its 
evaluation. However, recognized that other factors such surface contour 
and compressibility also influence the measurement. 

The work described below was designed investigate the statistical nature 
the variations optical transmission partly with view establishing 
theoretical basis for practical methods measuring paper heterogeneity. The 
samples studied have been limited those which the light-transmission 
fluctuations are small-scale, i.e., due flocculation effects alone. 

The data were obtained scanning the paper samples with light beam 
and continuously recording the transmission measured phototube. 


THEORETICAL PART 
evident that some knowledge the optical properties the paper 
necessary the results optical transmission measurements are in- 
terpreted properly. The following principles are derived from the studies 
Harrison (6). 
The light transmitted diffusing medium follows relation the type 


(1) 

where the optical transmission coefficient, and are the intensities 
the incident and transmitted light respectively, and are constants, 
the concentration particles, the thickness the sheet, and factor 
determined the optical properties the particles. Except the case very 
thin sheets Equation (1) may applied paper. However, generally small 
and Equation (1) reduces Beer’s law. 


Two considerations must kept mind applying Equation (2) experi- 
mental data. Ket increases, the scattering properties the paper change 
such way that photometer subtending small angle about the normal 
collects larger proportion the transmitted light. consequence, vari- 
ation indicated the photometer less than the true variation Secondly, 
varies with the degree bonding and some extent with fiber orientation 
(11) and many cases cannot considered independent ct. 

Thus simple explicit relation between photometric data and sheet density 
possible. However, expected that sheet which optically hetero- 
geneous will exhibit greater fluctuations other properties than will uniform 
sheet. 

The statistical treatment* the fluctuations which will described 
depends primarily establishing that the fluctuations are random and that 
periodic systematic variations are absent. Since may assumed that, 
some cases least, the light transmission and corresponding phototube 


The symbols shown page 282 are used the statistical analysis presented this section 
and expressing the experimental data which follow. 


‘he 

ds, 

ce, 

e”’ 


282 CANADIAN JOURNAL TECHNOLOGY. VOL. 


current are functions the fiber concentration roughly conforming 
Law (Equation 2), there priori reason for assuming that the distribution 
Gaussian since both cannot be. However, what follows, will 
first assumed and then demonstrated that the instantaneous amplitudes 
the recorded transmission values are distributed about their mean according 
the normal error law 


The fluctuations light transmission are analogous, from the point view 
statistics, ‘‘random communication circuits (12) and the 
fluctuations velocity turbulent fluids (13). Several mathematical results 
derived from these related studies will stated later and tested experiment. 


Although the recorded wave form assumed random the sense that 
the distribution instantaneous amplitudes Gaussian, evident that 
instantaneous value not independent its immediate neighbors. The 
relation existing between neighboring values summed the autocorre- 
lation function defined 


defined distance along the direction scanning from arbitrary 
origin; and are pairs instantaneous recorded values separated 
fixed distance and R(A) the correlation coefficient such pairs. 
The value R(A) falls from unity when zero when becomes large 
(Fig. 2). Rice (12) defines similar function which corresponds 


area scanning spot 
fibers; mass per unit volume 
phototube current 


average phototube current 

length scanning measured from arbitrary origin 

number crossings level the current curve per unit scanning 
length 

N(O) number crossings the average current level per unit scanning length 

probability density current 

probability instantaneous value the current exceeding level 

correlation between pairs current values separated scanning 

sheet thickness, the mass per unit area 


< 


= 


mean deviation current values from the mean 

difference between two instantaneous values separated scanning 
distance 

r.m.s. value and coefficient variance 

and measured direct method 

and measured the length integration method 

and measured the crossings method 

and measured vacuum-tube voltmeter 
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+ 
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The correlation function has been shown (12) related other properties 
the curve. The average number crossings, per unit length, the 

and the mean square value the slope the curve given 


Another relation which shall use later the number crossings 
reference current level 


where given Equation (6). This equation may compared with one 
proposed earlier study flocculation fiber suspensions (7) 


where the probability that instantaneous deviation from the mean 
exceeds the reference value that is, 

)dy. 


o 


(10) 


Equations (8) and (9) are not identical; however, Equation (9) can ap- 
proximated 


i.e., Gaussian, but with apparent standard deviation 


EXPERIMENTAL PART 

Statistical Methods 

Paper samples were scanned using the apparatus described the 
paper (5) but modified permit chart-recording the transmission fluctu- 
ations. area the paper was uniformly illuminated from the underside. 
The upper surface was imaged diaphragm which passed the transmitted 
light from small portion the illuminated area the phototube. The size 
this scanning spot was 2.30 mm. diameter for most the work, although 
the size could varied from 0.575 mm. 2.30 mm. changing the dia- 
phragm. Both circular and spiral scanning were employed. The phototube out- 
put was amplified General Radio model 715A d-c. amplifier and recorded 
Esterline-Angus recorder. The speed scanning was necessarily low 
because wave-form distortion was evident speeds excess mm. per sec. 

The zero-set adjustment the amplifier was used balance out large part 
the steady d-c. component the phototube current, that the fluctuating 
component could centered the recording chart with sufficient amplitude 
for satisfactory analysis. 


fixed value the average phototube current was not feasible because 
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the wide range samples used. For this reason was found expedient 
record the results coefficients variance where 


(12) 


portion typical recorded graph reproduced Fig. 

Four different approaches the analysis the recorded graphs were used 
accordance with the principles outlined earlier. describing the methods, 
will continue assume that the distribution Gaussian (Equation 3). 


The Direct Method 


Instantaneous values the recorded current are listed sequence. The 
interval between listed values mm. the chart which corresponds 
0.6 mm. the scanned sample; 600 more points are determined. The average 
current determined and the mean deviation and the root mean square 
deviation are calculated. the values are normally distributed, the 


relation 


will hold. The value obtained will designated and the corre- 
sponding coefficient variance Because the direct method determi- 
nation, these will considered the correct values. 


The Length Integration Method 


The fractional lengths the graph along which selected transmission levels 
are exceeded are measured. These fractions are equated with the probability 
Equation (10). now these values are plotted function 
and the same graph plot the normalized function correspond- 


ing Equation (10) 


then may determined the ratio the areas enclosed the curves and 
the axes. The value obtained designated and the coefficient 
variance 


The Crossings Method 

The number crossings selected transmission levels are counted give 
values The maximum number crossings expected occur the 
average transmission level, The data are treated similarly method 
The experimental value and the corresponding values are used 
calculate and from 
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the present case than Equation (9) since the latter predicts that will 
approximately lower. The ratio provides indication the 
normality the distribution. 


The Correlation Method 

The differences pairs instantaneous values and separated 
scanning distance are added, signs being neglected, and the mean value 
differences are also normally distributed (14) with mean square deviation. 


The mean square deviation may expressed terms the mean deviation. 


9 


2 
calculated for sufficient values define the relation between them. 
The general shape the curve seen Fig. where typical se* values 
shown. The fluctuation about zero when large results 
from the presence periodic components the curve. 


2 6 8 10 12 16 18 
~A MM 


typical autocorrelation curve calculated from recorded transmission data. 
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The correlation data may used obtain further value using 
relation derived from Equation (18) when large that R(A) 


The value provided directly from the crossings data. Alternatively 


may obtained from Equation (6) can evaluated. 
A=0 


mean square value the slope 


the distribution slopes normal, Rice (12) suggests, 
Now applying Equation (18) 


Comparing Equation (23) with Equation (7), obtain 


Thus the autocorrelation function provides the data from which can 
calculated use Equations (24) and (6). 


Instrumental Methods 


independent method determining the root mean square value trans- 
mission fluctuations provided the use vacuum-tube a-c. voltmeter 
(Hewlett-Packard model 404A) (5). this procedure the paper scanned 
more speeds greater than r.p.s. The values are read directly. 
This measurement similar that provided the Davis meter (4). 


integrator unit was designed measure the area the phototube current 
curve lying above the value the average current. The unit employed circuit 
which the rate discharge charged condenser controlled the 
amplitude the input wave. was found, however, that new data were 
provided this method the unit was shown provide alternative 
experimental method. 


Samples 
The samples chosen for examination covered wide range and included both 
commercial papers and laboratory handsheets. The former included book, 


newsprint, and kraft well special types: coated paper and litho paper. 
The handsheets which were used study variations and were pre- 
pared from sulphite pulp according the standard CPPA procedure (1), except 
that variable (5) were employed. The wide range for- 
mation investigated may seen from Fig. which shows photographic 
contact prints three the samples tested. 
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Contact prints book, (b) newsprint, and (c) kraft paper. The area the 
samples 10.5 cm. 
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EXPERIMENTAL RESULTS 
Table summarizes the results obtained the various methods for several 
samples. The agreement among and considered satisfactory since 
the differences are small and apparently unsystematic. The agreement 
with and considered evidence that Equation (8) more appropriate 
than Equation (9). 


TABLE 
COMPARISON THE METHODS ANALYSIS* 
Sample % | % % % C2 | Y 
data data 
| } } | } 


Symbols given the 


indication the degree which the distributions pulse counts and 
instantaneous values approach normal distributions provided columns 
(7) and (8) which give the ratio the mean the r.m.s. value (Equation 13). 
The agreement between experimental data and theory shown graphically 
and Fig. the frequency distribution instantaneous values 
compared with the normal error curve (Equation based Fig. 
crossings data, plotted using normal probability function scale, show only 
small deviations from the expected linearity. The two distributions differ 
essentially the method collecting the data. the crossings method the 
whole curve forms the assembly while finite number points are considered 
the method instantaneous values. This difference reflected the greater 
scatter experimental points about the theoretical curve the latter case. 

The values obtained directly the vacuum-tube voltmeter are ir- 
regularly lower than the calculated values. constant error may due the 
meter itself which average indicating instrument, calibrated read the 


r.m.s. value sine wave. Since ratio for sine wave 0.9 and fora 


random wave 0.8, would expected that the indicated r.m.s. for the latter 


| | | | | 
| | 
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FREQUENCY DISTRIBUTION OF Y 


Distribution instantaneous transmission values compared with normal error 


Distribution crossings data plotted using probability function scale. Book 
paper. Newsprint. Kraft paper. 


would about 11% lower than its true value. The irregularity attributed 
variations the high-intensity light source and the phototube characteristics 
over the relatively long periods (10-30 min.) required for recording. mav 
also remarked that the two methods were applied several months apart and 
aging the samples may account for some the discrepancy. 

has been calculated for several curves using Equations (21), (7), and 
(6). This was done finding mean square value using 
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the list computed for Method when 0.61, 1.22, 1.83 mm., etc., and 
evaluating Equation (21) graphically. then calculated application 
Equations (7) and (6). The comparison the calculated and actual values 
for six records shown Table II. 


TABLE 


CALCULATED AND OBSERVED 
FREQUENCIES ZERO CROSSINGS 


Sample (calculation) NO) (counting) Ratio 
crossings per cm. crossings per cm. 

2.25 2.36 1.05 

2.08 2.04 0.98 

1.55 1.50 0.97 

1.66 1.56 0.94 

2.46 2.48 1.01 

3.16 0.96 

Mean 0.99 


Sample scanned three spot sizes 


was postulated that the number crossings the level per 
unit scanning length might provide index heterogeneity. Qualitatively 
would expected that paper with formation would characterized 
large number small fluctuations and poor formation would produce 
small number large fluctuations (Fig. 3). The lack such correlation 
between and evident from Table where these properties are 
listed for samples similar those illustrated. 


TABLE III 
AND FOR VARIOUS PAPERS 


N(O) 

| | 
| — 
Kraft 8.13 1.56 


Handsheets 


The suggested relationship, however, evident when and are com- 
pared for series handsheets made from the same batch pulp (Table 
B). The formation was varied varying the settling time prior drainage 
the sheet machine (5). The variation not great, amounting 
25% change for variation 180%. 
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The change and produced varying the scanning spot size 
theoretical and practical interest. Using techniques already described, and 
have been determined for three types and four sizes scanning 
spot. The data are given Table IV. 

quantitative explanation the results not yet available. The variation 
with spot size primarily dependent the correlation function 


TABLE 


Spot diameter, mm. 0.575 


Sample 
Book 5.12 
Newsprint 1.96 4.50 


obtain workable formula, the limiting form the spot size 
progressively reduced, required; the present experiments not provide 
these data. The results may expressed the empirical relation 


—0.138 


for the three types paper studied. 

The decrease with increasing spot size may explained qualita- 
tively. larger areas are averaged give each instantaneous value the 
high-frequency components the current wave-form tend disappear and 
smoothed curve with fewer zero-crossings results. 


CONCLUSIONS 


sufficiently demonstrated that the fluctuations light transmission 
variety papers may treated statistical methods previously developed 
for the case random noise (12) 

The practical importance this demonstration that 
theoretical basis provided for relating the various properties the fluctu- 
ations. For example, has been shown above and elsewhere (12, 13) that, 
and are known for random wave, all the necessary information 
available determine the frequency spectrum, the number zeros, the distri- 
bution slopes and the number and distribution maxima. Any all 
these properties may important grading paper for specific purposes. 
possible, for example, that the distribution slopes may considerable 
importance grading paper for appearance while the number and distribution 
maxima may significant evaluating paper for printing. 
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knowledge the statistical properties transmission fluctuations also 


makes possible several instrumental methods grading; these may employ 
frequency analyzers, pulse counters, and integrating and differentiating 
circuits. 


Fluctuations statistically similar those treated here are encountered 


fields other than pulp and paper and may treated like manner. For 
example, the problem evaluating the graininess photographic emulsions 
(9) the irregularity yarn (3) might advantageously attacked use 
random noise theory. 
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THE HETEROGENEITY PAPER 


MEASUREMENT AND SIGNIFICANCE 
OPTICAL 


ABSTRACT 


The coefficient variance optical transmission has been 
various paper samples, chiefly handsheets. The samples were formed from fiber 
suspensions varying concentration, temperature, average fiber length, and 
degree settling. The effect these factors was found agree with pre- 
dictions based earlier studies fiber aggregation suspensions. ‘The samples 
were subjected standard physical tests. The results show small but significant 
increase strength and appreciable improvement printability decreases. 


INTRODUCTION 


Paper made draining water from dilute suspension cellulose fibers 
through forming wire. Fiber aggregates flocs, present the suspension 
before the sheet formed, can persist after the structure ‘‘frozen’’ the 
wire and appear irregularities the paper. Consequently factors affecting 
flocculation suspension can also affect the uniformity the sheet (3). 

Previous work (3, has revealed some the factors affecting fiber aggre- 
gation suspension. Increasing fiber length, increasing concentration, increas- 
ing temperature, decreasing viscosity, and decreasing rate shear have been 
shown increase flocculation. 

this communication describe study the influence these variables 
the uniformity paper and the relationship between sheet uniformity and 
number other physical properties. 

The uniformity has been determined the optical transmission method 
outlined the preceding paper, where have shown that the statistics may 
described means two statistical parameters and The experi- 
mental method described below was designed give rapid measurements and 
similar the method Davis (2). provides measurement only. 


EXPERIMENTAL PART 

The apparatus used measure the uniformity consists mechanical 
system provide suitable method scanning the sample, optical system, 
and measuring circuit. 

The paper sample held horizontally between two glass plates (Fig. 
mounted right angles central upright spindle Below and parallel 
the sample metal disk variable speed motor imparts rotary 
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motion the disk, spindle, and sample through rubber drive wheel which 
rests the upper surface The optical system, including the light source 
Land the receptor mounted directly above the spindle rotates, 
gear arrangement moves the entire spindle assembly along grooved bed-plate 
while the optical system remains fixed. The sample therefore scanned 
constant speed throughout the spiral path. Provision made for disengaging 
the gear device that the sample may rotated provide circular 
scanning path. 


Fic. and optical parts the apparatus, 


The optical system consists amp. tungsten filament lamp the 
light from which concentrated uniform spot the lower side the paper 
optical condensor The pickup consists microscope objective 
focused image the upper surface the paper the diaphragm Several 
diaphragm apertures are available vary the effective size the spot scanned. 
The light passing falls 927 gas-filled phototube P;. auxiliary photo- 
tube circuit used monitor the source. 

Block diagrams the principal and auxiliary circuits are shown Fig. 
The average phototube current measured box-type galvanometer 
which may switched into the circuit. The r.m.s. value the current fluctu- 


ations determined measuring the voltage fluctuations across 
the megohm resistor using Hewlett-Packard model 404A vacuum tube 
a-c. voltmeter. The use the amplifier and recorder has been described 
previously (4). 

normal operation, the light intensity adjusted give average photo- 
tube current amp., and the diaphragm aperture used corresponds 
scanning spot diameter 2.30 mm. High speed (50-100 cm. per sec.) circular 
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scanning rather than spiral scanning was used most the work and the 
results reported are averages for several scanning radii. 

The voltmeter has substantially flat response over the audio-frequency 
range above c.p.s. was indicated from the analysis recorded traces (4), 
frequencies contributing the a-c. current the scanning speeds used are 
well within the flat response limits the circuit. 


90V 927 


Fic. Measuring circuits showing the principal circuit and the monitoring circuit. 


For convenience, the voltmeter assumed indicate the r.m.s. value the 
phototube current fluctuations. Since the voltmeter average reading, 
rectifying type, calibrated for sine wave inputs, the indicated r.m.s. values 
random fluctuations are 11% lower than the true values (4). This correction has 
been omitted. 


The index heterogeneity reported here the coefficient variance 
100 


Preparation Handsheets 

Handsheets were formed British sheet machine and the Canadian 
standard method (1) was followed closely the requirements the experi- 
ments would permit. Briefly, the method consists suspending 1.2 gm. pulp 
liters water cylindrical vessel (the deckle) 200 sq. cm. cross 
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section. The suspension stirred with perforated plunger, first rapidly, and 
then slowly. The stirrer carefully withdrawn and the suspension allowed 
stand for sec. draincock opened and the suspension drained rapidly 
through 150-mesh screen which forms the bottom the cylinder. The hand- 
sheet formed the wire and removed, pressed, and dried under standard 
conditions. 
RESULTS 

Factors Influencing 

Fiber Concentration 

Two types experiment which the fiber concentration was varied were 
performed. one the amount pulp was kept constant and the suspension 
volume varied; the other the volume was kept constant and the amount 
pulp varied. 

Experiments the first type were carried out using bleached sulphite pulp 
which had been classified into three fractions according fiber length. Sheets 
were made from the whole pulp and each the three fractions four concen- 
trations. The resulting variation shown Fig. 


0-5 
CONCENTRATION, GM/LITER 


Curve 1—Unclassified pulp. Curve 3—Average fiber length 1.02 mm. 
Curve 2—Average fiber length 1.95 mm. Curve fiber length 0.52 mm. 
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Fic. Effect concentration, constant volume, 
Curve handsheets. Curve 2—Sulphite handsheets. 


The second method which yields sheets varying weight was used pre- 


pare sheets from kraft and sulphite pulp. The results are shown Fig. 


Fiber Length 

The increase flocculation due increase fiber length, reflected 
optical heterogeneity, evident Fig. (based the measurements given 
Fig. 3), where plotted function average fiber length each 
three concentrations. 


Temperature and Viscosity 

given rate shear determined the rate stirring, the shearing stress be- 
comes less and greater degree flocculation therefore expected (5). Other 
effects may also present. evaluate the role viscosity, parallel experi- 
ments were carried out which the viscosity the suspending medium was 
increased, lowering the temperature one case and adding viscous solutes 
the other. Handsheets were made four temperatures between 20° and 
50° The corresponding viscosities were duplicated additions 
alcohol glycerine the higher temperature. The results are shown Fig. 
evident that temperature changes produce more marked effect than 
corresponding viscosity changes produced solutes. 


Time Settling 
If, after stirring, the pulp the deckle the sheet machine allowed 
settle for varying lengths time before drainage, the heterogeneity the 


298 CANADIAN JOURNAL TECHNOLOGY. VOL, 
| 
5 
Re | | 
* 
| 
| 
| 
| 
2 
= 


FAVIS HETEROGENEITY PAPER. II. 299 


4a 


AVERAGE FIBER LENGTH, MM. 


Fic. Effect fiber length 
Curve 1—At 1.43 gm./liter conc. Curve 2—At 0.60 conc. 
Curve 0.17 gm./liter conc. 


VISCOSITY, CENTIPOISES 


Fic. Temperature and viscosity effects. Polyvinyl alcohol (1) and glycerine (2) are added 
50° give the required viscosity. Curve shows the effect temperature change plotted 
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sheets measured increases almost linearly with the time settling 
(Fig. 7). upper limit the linear relation evident and with longer settling 
times variable results are obtained. The effect described provides convenient 
means preparing reproducible handsheets varied formation for test 
purposes. The method due Erspamer (3) who reported similar results. 


| 
4 
TIME, SEC. 
Fic. Effect settling times 
Curve 1—Kraft handsheets. Curve 2—Sulphite handsheets. 


Optical and Physical Properties 


Standard physical tests were carried out sulphite and kraft handsheets 
prepared the “time method. The handsheet samples were 
supplemented samples machine-made kraft paper. this case the for- 
mation was varied altering the frequency shake the drainage wire 
the Pulp and Paper Research Institute Canada experimental fourdrinier 
machine. 

The data obtained are admittedly too scattered any but the most 
general conclusions. typical set data for series sulphite handsheets 
shown graphically Fig. general the strength tests, except tear, tended 
decrease with increasing The experimental data were analyzed statistically 
assuming linear correlation determine the lines regression and the co- 
efficients correlation Table summarizes the data. The slope the line 
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regression expressed the change the property per unit change 
The corresponding values are shown. The absolute values properties 
listed may estimated from Fig. 


The scatter repeated test results tended become greater with increasing 
heterogeneity. For example the standard deviation burst factor measure- 


STRETCH 


TEAR FACTOR 


V, Yo 


BREAKING LENGTH (M) 


BURST FACTOR 
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Fic. Variation physical properties sulphite handsheets with 


Burst factor 
Tear factor 


Breaking length (meters) 
Stretch (%) 


TABLE 


VARIATION IN PHYSICAL PROPERTIES OF PAPER AS A FUNCTION OF HETEROGENEITY 


Sulphite Kraft Fourdrinier Kraft 
Machine Cross 
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ments sulphite handsheets increased average 0.64 for each unit increase 
The coefficient correlation was 0.74. other cases the same trend was 
indicated but the correlation coefficients were lower. 

The printability the machine-made krafts was assessed Vandercook 
using flat test-plate. The grading the prints was visual only 
but very significant improvement uniformity was apparent decreased. 


DISCUSSION 


The measurement appears provide useful index formation. The 
variations found when fiber length, concentration, temperature are 
varied the preparation handsheets agree with earlier work fiber 
suspensions (5). 

appears from the temperature-viscosity data that change temperature 
the suspension produces greater changes than can accounted for 
purely viscous effects. Some changes fiber properties are therefore indicated. 
The kind change has not yet been determined although increase the 
degree swelling and believed occur the temperature 
lowered. 

The shape the curves showing the change produced varying the 
time settling before drainage (Fig. interest. This suggests that several 
effects are operative. During the settling time, the velocity gradients produced 
stirring are damped out and the decreasing shear rates favor increased 
flocculation. This accounts for the initial portion the curve. the same time 
sedimentation occurs; this not only increases the concentration fibers near 
the bottom the deckle but can produce collisions fibers and fiber aggregates 
differential sedimentation. The latter effect may expected since the rate 
sedimentation particles and aggregates varies because differences 
shape, orientation, size, and density. Flow water relative the fibers de- 
posited the wire during drainage may produce additional effects. 


study drainage being undertaken attempt evaluate the signifi- 
cance each the factors involved. 

The variation strength and other properties with heterogeneity small 
but significant. The improvement printability decreases quite marked. 
recognized that other sheet properties, viz. surface characteristics and 
sheet compressibility, are more important determining printability, but the 
results mentioned here may provide point departure for more intensive 
studies. 
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THE OXIDATION CARBON MONOXIDE SOLID 
SILVER PERMANGANATE REAGENTS 


DETERMINATION LOW CONCENTRATIONS CARBON 


The present paper describes method for the determination physiologically 
significant concentrations air use pair balanced thermistors small 
glass reaction cell. The thermistors are placed the active and inactive parts 
the cell corresponding sections packed with silver permanganate reagent 
and pumice respectively. The two thermistors and appropriate resistances are 
incorporated simple Wheatstone bridge circuit. The concentration 
indicated the rise temperature thermistor during oxidation 
the carbon monoxide gas measured rates. The variation resistance 
the thermistor with absolute temperature was found follow the straight-line 
52.0° The relation between thermistor resistance and carbon monoxide 
concentration the range 0.10% was determined. The effect flow rate, 
column length, and temperature thermistor resistance various concentra- 
tions was studied. Variation relative humidity the air between the limits 
about 30% over 85% does not affect the accuracy the determinations. 


INTRODUCTION 

The activity solid reagents consisting silver permanganate supported 
various metallic oxides, particular zinc oxide, the heterogeneous oxidation 
carbon monoxide has been reported Katz a/. (6, 7). Such reagents differ 
from the hopcalite class catalysts (9) that the former operate best moist 
air, whereas the latter are readily poisoned water vapor (5, 7). Katz and 
Katzman (8) utilized granules silver permanganate zinc oxide rapid 
determination low concentrations carbon monoxide air the physio- 
logically significant range measuring the heat oxidation thermocouple 
cell. However, for practical application the thermocouple cell must contain 
approximately more thermocouples. This feature renders such cells 
expensive and difficult construct. was therefore considered useful study 
system containing two balanced thermistors reaction cell measure the 
heat oxidation liberated low gas concentrations. the space velocity and 
concentration the reacting gases are maintained constant, steady tempera- 
ture state will reached which the indicated temperature rise the change 
resistance, Wheatstone bridge circuit, measure the concentration. 

The properties thermally sensitive resistors semiconductors have been 
studied Becker, Green, and Pearson (1). These authors proposed the following 
relation between the resistance, and absolute temperature, semi- 
conductor, 
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where and are constants which can determined. The law, log 
B/T, for thermistors, derived from consideration the free energy 
electron gas, known only approximation (2). However, recently, 
Bosson, Gutmann, and Simmons (2) have examined thermistor data over 
considerable range temperature the least square analysis and have 
concluded that the following empirical law represents more accurately the 
relation between the resistance and temperature such materials: log 
B/(T where and are constants which can determined. The 
B.G.S. law has been used the thermistor studies described this paper. 


EXPERIMENTAL 
The apparatus used the preparation mixtures, measurement 
flow, constant pressure devices (7, 8), and the method analysis employed 
determining the gas concentrations (3) have been described elsewhere. The 


PUMICE 


Fic. reaction cell containing thermistors, and 


= 
z 
a 
' 
12.0 
J-2 
\ 
\ 
Be 
5, 
A 


KATZ ET AL.: OXIDATION OF CO 305 


matched thermistors, No. 6014A, were supplied the Western Electric Co. 
These were sealed into pyrex glass reaction cell the dimensions indicated 
Fig. the thermistor being denoted and the thermistor, 
The lower part the cell was filled depth 3.0 cm. above the sintered 
glass disk with silver permanganate zinc oxide granules the approximate 
composition mole zinc oxide and mole silver permanganate. The 
preparation these granules has been described previously (4). The size 
distribution the granules employed was between mesh Tyler. 
The hot thermistor was placed the granular bed reagent material and the 
cold thermistor was immersed bed inactive granules pumice similar 
size. 

The reaction cell was placed constant temperature bath and the thermis- 
tors incorporated Wheatstone bridge circuit illustrated Fig. The 
circuit shown the left side Fig. contained two precision 100,000 ohm 


ORY CELL ORY CELL 


Fic. Thermistors incorporated Wheatstone bridge circuit points indicated 
and 


fixed resistances and variable resistance 10-100 series with 
denoted R3, and two variable resistors 0-10 and 10-100 series with 
for the fourth arm the bridge. This circuit was used determine the resis- 
tance required balance the bridge during the passage known concentrations 
carbon monoxide measured flow rates through the reaction cell. The 
balance point was determined bench-type galvanometer. The circuit shown 
the right hand side Fig. contained Kohlrausch slide wire and was used 
determine the relation between thermistor resistance and the absolute 
temperature. 


Relation Between Thermistor Resistance and Temperature 
This relation was explored over the range about —8° 50°C. 
temperature range covered the conditions under which the active solid reagent 
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would likely used for the determination low concentrations carbon 
monoxide actual practice. plot log vs. where the measured 
resistance the thermistor and the absolute temperature, was not quite 
linear. However, using the empirical law Bosson, Gutmann, and Simmons 
mentioned above, was found that the data yielded linear relation when 
The results are shown Fig. The constants were calculated the method 
least squares. 


LOG Re A+ 6 
T+6 

* 2504,51°K. 


$2.00°K. 


10% 


Fic. between thermistor resistance and temperature. 


The thermistors used this work show change resistance about 
2000 ohms per degree centigrade the neighborhood 40°C. and this increases 
factor about the region 0°C., consequently temperature changes 
corresponding the oxidation less than 0.0005% carbon monoxide air 
may detected. 


Relation Between Concentration and Resistance 

The relation between the resistance required balance the Wheatstone 
bridge circuit and various concentrations carbon monoxide air was investi- 
gated the range 0.002% 0.0991% volume. The gas concentrations 
the prepared mixtures were analyzed modified iodine pentoxide method (3). 
The gas mixture was passed through the reaction cell flow rate 4.0 liters 
per minute 30% relative humidity and temperature 21.0°C. Prior each 
measurement the circuit was balanced carbon-monoxide-free air the above 
flow rate. 

The results have been calculated terms the change resistance the 
thermistor and the plot this versus concentration yields straight line 
shown Fig. The linear relation was calculated the method least 
squares. The sensitivity the method indicated from the slope the line. 
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change resistance about 1200 ohms corresponds p.p.m. carbon 
monoxide. The zero adjustment the galvanometer carbon-monoxide-free air 
attained about five minutes and the thermistor resistance corresponding 
given carbon monoxide concentration obtained about the same time. 
Adsorption effects due water vapor and carbon dioxide are slight and the 
zero adjustment for these effects made quite readily. The galvanometer used 
this work gave sensible deflection for balancing resistance corresponding 
about ohms. 


oO 02 03 04 06 o7 to 
CARBON MONOXIDE CONCENTRATION, % 


Fic. between thermistor resistance and carbon monoxide concentration. 


Effect Gas Flow Rate 

The influence gas flow rate was investigated increasing the gas flow 
through the reaction cell while maintaining constant gas concentration. Runs 
were carried out 125, 260, 440, 600, 760, and 900 p.p.m. carbon monoxide 
air the range flow rate from liters per minute cell design 
similar Fig. but diameter 2.5 cm., containing 25.0 gm. active granules. 
The influent gas temperature was maintained 21°-22°C. and the relative 
humidity 30%. 

The resistance values for the thermistor have been plotted against 
flow rate, shown Fig. The resistance decreases rapidly minimum 
about liters per minute and then remains fairly constant the lower concen- 
trations 125 440 p.p.m. the higher concentrations 600 900 p.p.m., 
the minimum resistance also attained flow rate about liters per 
minute but thereafter the values rise with increasing flow rate beyond liters 
per minute. similar effect was shown earlier studies with multithermo- 
couple cell (8). The results indicate that the temperature attained the 
reacting bed granules given gas concentration may independent the 
flow rate over certain range depending upon the design the cell. The tempera- 
ture the granular bed rises until steady condition reached when all the 
heat generated the combustion the carbon monoxide dissipated 
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raising the temperature the gas stream and conduction the component 
parts the cell. When this condition reached relatively large change 
flow rate causes only small change thermistor resistance. 


high flow rates the reaction spread over greater depth catalyst bed, 
consequently the temperature attained the thermistor may lower than 
point farther down the direction flow. Also, excessive rates flow 
increasing amount carbon monoxide may pass through the cell without 
oxidation. For ordinary purposes, best results are obtained with flow 
liters gas per minute with cells 2.5 3.5 cm. diameter. 


~SO0PRM. 


RESISTANCE 


FLOW RATE (litres/min.) 


Fic. flow rate thermistor resistance various gas concentrations. 


Effect Depth Granule Bed 


The influence increasing bed depth the range from 0.17 2.7 cm. 
shown Fig. The experiments were carried out the reaction cell shown 
Fig. passing steady concentration 0.10% carbon monoxide air 
4.0 liters per minute 30% relative humidity and temperature 23.0°C. 
The bed depths were computed from the weight and volume granules used 
each run. When the cell was filled with only small volume active material 
was necessary dispose this layer about the level the hot thermistor and 
fill the space above and below this layer with inactive pumice. 

The temperature the bed indicated the thermistor resistance values 
rises rapidly with increasing depth about the 1.5 cm. layer. Thereafter the 
temperature the bed remains constant under the given gas flow conditions. 
Depths less than about 1.5 cm. are below the critical bed depth the hetero- 
geneous reaction the space velocity employed here, consequently not all 
the carbon monoxide oxidized carbon dioxide until column lengths greater 
than 1.5 cm. are used. 
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RESISTANCE Ohms 
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BED DEPTH (cm) 


Fic. Effect increasing depth bed granular silver permanganate zinc oxide 
reagent thermistor resistance. 


Influence Temperature and Relative Humidity 


The influence temperature the influent gas stream concentration 
0.10% carbon monoxide air the efficiency oxidation was studied over the 
range 4.0° 40.0°C. The mixture was passed through coil 
several feet copper tubing which.was immersed the same constant tempera- 
ture bath containing the reaction cell. With reaction cell 2.5 cm. diameter 
filled with 25.0 gm. active granules (12.1 cc.), considerable induction effects 
were observed 4°C. and shorter induction period was evident 3°C. 
When the rate oxidation reached steady state, the oxidation efficiency 
under the above conditions was 90% and 93% 3°C. 10°C. the 
induction period was negligible and the oxidation efficiency better than 98%. 
induction period was observed higher temperatures and the efficiency 
the steady state was 100%. The induction period could reduced increasing 
the bed depth the reagent. 


the range about 30% 100% relative humidity the combustion 
carbon monoxide the surface the granules equally efficient tempera- 
tures between 10° and 40°C. However, the granules are almost completely 
inactive completely dry air. Where the granules are used gas mixtures 
relative humidity less than 20% advisable raise the humidity 
passing the sample through small bubbler containing water. 

About gm. reagent was tested steady concentration 0.10% 
carbon monoxide flow rate liters per minute room temperature and 
40-45% relative humidity. The activity the granules lasted for about hr. 
before there was appreciable sign decay. Although the relative humidity 
the gas stream over wide range has effect the efficiency oxidation, 
does influence the life bed granules. The life the reagent 90% 
relative humidity more than double that 30% relative humidity. 


DISCUSSION 


Low concentrations carbon monoxide air may determined measur- 
ing the change resistance pair matched thermistors small reaction 
cell containing granules silver permanganate zinc oxide when the gas 
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stream passed through the bed. The cold thermistor inactive pumice 
layer used indicate the temperature the influent gas stream, while the 
hot thermistor utilized show the temperature attained during oxidation 
the gas. the thermistors are incorporated Wheatstone bridge circuit, 
shown, and conventional galvanometer used indicate the resistance 
required balance the bridge, with sensitivity about ohms, the concen- 
tration may determined within few parts per million. Because the log 
varies for thermistors, the balancing resistance for given concentration 
increases rapidly with decreasing temperature the influent gas stream. The 
sensitivity the method therefore increased lower temperatures, other 
factors being equal. The method may used any temperature suitable 
calibration the thermistors. 

The bead type thermistors used these studies gave reproducible results 
over period many months and were not replaced unless the glass sheath was 
broken accidentally. Care must exercised sealing the leads the thermistor 
that moisture does not collect inside the glass sheath, otherwise erratic 
results will obtained. 

The thermistor reaction cell and Wheatstone bridge circuit conjunction 
with the solid silver permanganate zinc oxide reagent may made the basis 
field instrument for the direct indication physiologically significant 
concentrations carbon monoxide. For this purpose the galvanometer could 
replaced calibrated millivoltmeter which would indicate the unbalance 
deflection corresponding the carbon monoxide concentration. Thermistors 
are comparatively inexpensive comparison the cost conventional 
multithermocouple cell such that used carbon 
instruments. 
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METALLOGRAPHIC STUDY PITTING CORROSION INDUCED 


ABSTRACT 


Samples aluminum alloy, both the fully work-hardened and the an- 
nealed state, have been examined under the conventional light microscope and 
the electron microscope after exposure pitting corrosion conditions tap 
water for periods min., hr., and weeks. Prior exposure all sample 
panels received uniform pretreatment designed bring panel surfaces into the 
same initial condition. Typical photomicrographs are presented show the 
variation observed pit structure with time exposure and with metallurgical 
condition. Electron stereomicrographs the 15-min. pits and the 10-week 
pits reveal new and interesting characteristics pit structure. 


INTRODUCTION 


Pitting corrosion has been field active interest and concern whenever 
metals are placed environments which are very poor electrolytes—some soils 
and most tap waters falling this category—or when the metal protected 
surface layer chemically inert oxide. Thus, stainless steels, iron, mild steel, the 
monels and other nickel alloys, and aluminum and its alloys are all subjects for 
pitting corrosion investigation. Uhlig (17) has given excellent account 
and good bibliography passivation and pitting stainless steels. The work 


Mears and (13, and Champion (5, deals with aluminum 
mainly. Mears (12), Evans and Mears (8, 14), Brennert (2), Mahla and Neilson 
(11), Scott (16), Putnam (15), and Logan (10), mention but few, deal with 
pitting corrosion steels and iron, particularly contact with soils and ground 
waters. 


The study pitting corrosion aluminum alloys has for some time been 
important part the work these Laboratories. The earliest and the most ex- 
tensive research has been carried out from the chemical side but the metallurgical 
approach the problem has been given attention well. result know 
that the pitting characteristics aluminum alloys will vary with the metallurgi- 
cal condition the metal. order obtain quantitative results the relative 
pitting rates different alloys, pitting test has been developed and attempt 
has been made set formula for the rate penetration which turn has 
been useful predicting the life have found that test samples 
exposed pitting corrosion must subjected uniform pretest treatment 
which will remove the tough, natural oxide coat the surface the sample and 
replace one which thinner, more porous, and probably more uniform but 
which renders the panels much more than ordinarily susceptible pitting attack. 
Only this way were able secure results which were reproducible and 
statistically reliable. 

Manuscript received May 1952. 
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had observed that test panels pretreated orthophosphoric acid and then 
immersed Kingston tap water for, say, 24. hr. exhibited pits which could 
seen eye without magnification. Examination the same panels under the 
low-power microscope showed pits invisible the naked eye,—ones obviously 
shorter life. once one asks, how short exposure would produce pit, what 
new structural features would revealed examination such young pits, 
and what effect would metallurgical condition have pit characteristics? give 
least partial answers these questions laid out program research 
Alcan 2S, important commercial alloy aluminum, sheet form. This alloy 
the work-hardening class and thus makes available range metallurgical 
conditions, out which chose the two extremes, i.e. the fully work-hardened 
and the fully annealed, uncomplicated changes chemical composition. 


EXPERIMENTAL TECHNIQUE 

Metal 

The metal used this investigation was taken from one lot Alcan alloy 
produced and rolled hard temper and 0.025 in. gauge the Kingston Works 
the Aluminum Company Canada, Limited. The analysis the material was 
follows: 

99.30* 0.02 0.44 0.01 0.07 0.14 0.01 0.02 0.01 0.01 N.D. 


Such analysis typical commercial alloy. The sheet was cut into panels 
in. in. through each which small hole for suspension was drilled. 
Approximately half the panels were then annealed air furnace 450°C. 
for min., the cold work introduced the cutting and drilling being removed 
with that due the cold-rolling the sheet. 


Surface Preparation and Test Procedure 

Prior corrosion testing the panels were first degreased trichloroethylene 
and after drying were immersed concentrated (85%) orthophosphoric acid 
(reagent grade) 90°C. for two minutes. The panels were washed under rapid 
flow cold water and dried stream air. Their immersion the corrosion 
tank followed the drying within three five minutes. Through this tank, 
ft. deep, there steady flow Kingston tap water maintained 
temperature 25°+ 0.5°C. and rate sufficient change the water 
every two three days. The composition typical sample Kingston tap 
water given the tabulation below. 


COMPOSITION KINGSTON TAP WATER 


8.0 Bicarbonate (as HCO;) 113.1 p.p.m. 
Dissolved oxygen 7.3 Sulphates (as 
Alkalinity (as 92.7 p.p.m. Chlorides (as Cl) 
Alkalies (asNa) Magnesium hardness 
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The three main times immersion were min., hr., and weeks, and 
sufficient number samples was taken assure proper representation the 
pit structure observed for each time immersion and each the two metallurgi- 
cal conditions. Additional sets samples which had been immersed for periods 
two minutes, five minutes, two hours, eight hours, one week, and one month 
were examined order obtain more complete picture the progress 
pitting. The results they gave, although not included here, corroborate what 
given below. 


Examination 


The corrosion pits, and the corrosion product found around them, were studied 
with the low power stereoscopic microscope, with the high power metallurgical 
light microscope, and with the electron microscope. Both bright and dark field 
illuminations and magnifications ranging from were used with the 
light microscopes. 

Surface preparation the pits prior microscopic examination depended 
upon the time immersion. The 15-min. panels could examined they came 
from the tank, special preparation other than drying gentle air stream 
being required. The 24-hr. panels were sufficiently well cleaned corrosion 
product immersing them for one minute the following solution 


Chromic acid gm. 
Orthophosphoric acid (85%) ml. 
Water make 1000 ml. 


This the solution recommended ASTM Standards (1) for removing the oxide 
coating with negligible attack the aluminum. Very often the 24-hr. pits had 
undercut the surface and the resulting lip metal had carefully folded back 
enable one see all the interior the pit. Panels exposed for weeks 
required more drastic cleaning treatment since the corrosion product was only 
partially dissolved the stripping solution. Accordingly they were held under 
water and their surface scraped with the end glass microscope slide. The pits 
themselves were then flushed out with small but powerful jet water. The 
exposed pits were examined low magnification and only the deepest them 
circled for further study high magnification. 

also examined with the conventional metallurical microscope cross sections 
pits produced the three main exposure periods. The sections were mounted 
Bostik and polystyrene (9) preserve the surface detail. 

Examination the corroded surfaces with the electron microscope was carried 
out means oxide film replicas which were laid down the pit surfaces 
electrolytic action. The hr. pits proved unsuitable for the application 
this technique since the jagged and re-entrant character the pit surface these 
pits led replicas which the electron beam usually had travel through three 
four separate films oxide. Hence most the replica was opaque. The 15- 


min. pits and the 10-week pits produced excellent replicas, however, and much 
useful information was obtained from study them. tilting the specimen 
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replica through angle was possible for secure stereo pairs from 
most replicas with very marked increase the amount information that 
could obtained pit structure. 
The first step replica formation was anodize panels for one minute 
electrolyte held 25°C. and the following composition: 
Dibasic sodium phosphate 
Sulphuric acid 2.15 ml. 
Water 
lead cathode was used and the panel was agitated manually during anodizing. 
was frequently found necessary prepare 15-min. panels for anodizing 
immersing them for sec. the chromic—phosphoric stripper (1) 90°C. 
order remove relatively heavy film which had apparently formed during 
the corrosion process and which obscured details pit structure. The oxide 
replica film was stripped from the metal dissolving the latter solution 
bromine absolute methanol maintained 50°C. until the metal was com- 
pletely dissolved. This technique much cleaner than the usual mercuric chloride 
technique. 
EXPERIMENTAL RESULTS 
Our experimental results are represented the photomicrographs which 
follow. impossible the space available include more than small number 
the photomicrographs which were taken this investigation and those shown 
were selected best illustrating the conclusions drew from comparisons 
among all our observations. Those show have been arranged that the 
15-min. pits are dealt with first, then the 24-hr. pits, and finally the 10-week pits. 
number these photomicrographs were taken with the electron microscope 
and few additional comments the oxide film method may aid the interpre- 
tation these. When the surface the corroded specimen electrolytically 
oxidized order form replica for use the electron microscope, the film 
formed not only the metal surface around the pit areas, but also all surfaces 
within the pit. When the metal substrate subsequently dissolved the 
bromine solution, thus have shell oxide, the shape which was de- 
termined the inner contours the pit. The thickness the oxide film 
essentially constant for any particular sample, that the relative density any 
area photograph will depend for the most part the number layers 
film through which the beam electrons must pass and the angle each layer 
oxide relative the direction propagation the electrons. With the larger 
depth field available the electron microscope, possible obtain sharp 
focus from the original surface the very bottom the small pits. stereo- 
graphic examination the transparent replicas, can thus see all the 
contours the pit and much more information can gained from the exami- 
nation. Adequate interpretation these photomicrographs possible only when 
they are examined with stereo viewer. Depending how the replica 
the microscope the pit may appear were looking down into from the 
side the film remote from the metal, or, the replica turned upside down, 
were looking from the side the film from which the metal had been 
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removed, i.e. with the bottom the pit closer the observer than the surface 
from which the pit started. The stereo micrographs which are viewed the latter 
way have the note viewed from below’’, whereas those viewed from the 
former way have the note viewed from above’’. Which these alternatives 
used viewing the stereos will determined the ease with which the 
structural features under examination may interpreted. 


DISCUSSION 


Some general conclusions can drawn from this work. the first place, the 
tiny pit tunnels may start immediately after immersion but they may also start 
some time after immersion. the second place, have been unable relate 
the starting points these individual pits any particular feature the metal- 
lurgical structure the metal surface. can say that such points initiation 
are not likely associated with constituents alloy because the small 
pits which have been able examine are very much smaller than the con- 
stituent and there does not seem any evidence relation between constitu- 
ent and pit. more difficult make any positive statement with respect 
pit starting points and surface condition. The peculiarities, weaknesses, the 
surface film which pits probably start may visible provided pit has 
not started there but once the pit has started the weak spot gone and have 
way telling what the weak spot looked like just before the pit started. 
second general statement that the shape the corrosion pits not merely the 
roughly hemispherical cavity one might expect, but is, rather, complex structure 
the nature and characteristic appearance which will vary corrosion proceeds. 
The third point that the difference the rate penetration between 2S-O 
and 2S-H depends largely the distribution the grain boundaries. Since the 
grain boundaries are mainly parallel the surface 2S-H the attack directed 
laterally much greater rate than direction normal the surface and 
thus produces wide shallow pit. The essentially equiaxed grain structure the 
material allows corrosion proceed more less uniform rate all 
directions and thus deeper pits occur. 

The pits formed after very short times exposure (15 min.) show some distinct 
characteristics. insoluble corrosion product laid down the form small 
rings around the areas attack within the first two three minutes after im- 
mersion. These rings, easily recognized under the low power microscope, enable 
find the pits. The actual corrosion found within and outside, but close to, 
these rings not simple open pit but group subsurface tunnels small 
discernible detail only under the electron microscope. They are approxi- 
mately square cross section and have numerous right-angle turns. the 2S-H 
material the corners these tunnels are more rounded than they are the 2S-O 
material and there are more such tunnels associated with a-ring corrosion 
product the 2S-H than the 2S-O material. 

Pits which result from medium times exposure (24 hr.) show very definite 
boundary attack annealed material corrosion front along 
surfaces roughly parallel the original sheet surface the as-rolled material. 
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well-defined block type attack exhibited the corroded surfaces the 
annealed material whereas the as-rolled material exhibits much more rounded, 


crater type structure. 


Pits formed after long times exposure (10 weeks) not exhibit the inter- 
crystalline attack characteristic the 24-hr. pits but one still finds evidence 
the tunnels characteristic the very early pits. These penetrate into the metal 
ahead the main corrosion front. Another characteristic these 10-week pits 
that the pit surface rounded crater structure, the change from what have 
called the block type attack the crater type being more rapid and more com- 
plete the as-rolled material than the annealed material. 
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DESCRIPTION FIGURES 


Fic. Nosurface preparation was made 
after exposure other than drying. The large 
white ring was scribed around the pit lo- 
cate for study higher The 
small white ring the center the corrosion 
product the center which the pitting 
corrosion. Another small corrosion product 
ring may seen the upper left the circle. 
The actual are too small seen 
this magnification. The numerous small white 
specks the background are surface irregu- 
larities resulting from the cleaning operation 
phosphoric acid prior exposure the 
water. 


than drying. The amount corrosion product 
not very evident this photomicrograph 
since great deal transparent with this 
type illumination. Only the large clumps 
the corrosion product ring are visible. 
the very center are three small, dark patches 
against white background. These are actual 
corrosion pits. The detail these small pits 
may seen better higher magnification 
will shown below, 


Fic. Nosurface preparation was made 
after exposure other than gentle rinsing and 
drying. When viewed the dome 
corrosion product around pit has 
diameter approximately equal that the 
scribed ring Fic. When viewed with 
oil immersion objective the normally 
translucent opaque corrosion product be- 
comes transparent for the most part and 
examination made various depths through 
the deposit revealed the presence numerous 
particles aluminum, mostly angular 
shape. few these may seen this 
photomicrograph although the depth 
was small that was difficult keep more 
than few focus once. 


2(b). will obvious after looking 
some the electron microscope photo- 
micrographs that this probably only part 
the pit, and that the total depth likely 
much greater. The most striking feature the 
angularity the contours, the typical block 
structure being quite apparent. 
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Fic. 1(a). Corrosion product ring around Fic. 1(6). Corrosion product hr. pit 
min. pit. Oblique illum, showing blocks particles aluminum 
quarried out Br. field. 


2(a). Fifteen minute pits seen through Fic. 2(b). Cross section min, pit. Br. 
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3(a). preparation after ex- 
posure other than gentle rinsing and 
The attack has started several locations 
within the corrosion product ring, and has re- 
sulted angular shaped holes the surface. 
The corrosion limited the center the 
photomicrograph around which one sees the 
rough surface produced the phosphoric 
acid cleaning treatment. The block type 
structure reminds one the etching pits 
produced some metallographic etching 
reagents. 


Fic. 3(b). surface preparation after ex- 
posure other than gentle rinsing and drying. 
the case the annealed material there 
not just one pit starting given area, but 
several. fact, the work hardened sheet 
there are general more points attack 
within the corrosion product ring than there 
are annealed sheet. Although more numer- 
ous, the pits are usually smaller than those 
the annealed sheet. 


Fic, While under examination the electron microscope this replica split two and the 
edge rolled back itself until came rest this position. The black stepped portion the 


photomicrograph the envelope oxide which had formed the inner surface the 

The pit takes the form narrow channel having many right angled turns. Close examination 
stereo reveals that the stepped portion just part the corrosion this area. Portions 
other may seen other locations around the roll oxide. the flat part 
the oxide film there may seen many irregularities the surface caused the phosphoric 


acid cleaning treatment. 
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Fic. 3(a). Fifteen minute annealed Fic. 3(b). Fifteen minute pits 
Alcan 2S. Br. field. hardened Alcan 2S. Br. field. 
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Side view min. corrosion pit. Electron photomicrograph. 


Stereo examination this pair reveals that the main part the pit consists 
square shaft extending from the surface; this the very dark part the center the field. 
Near the deepest part the pit considerable spreading out has occurred resulting the large 
half-tone area near the upper left the photomicrograph. Towards the bottom right hand 
corner the attack seen take the form more less square tunnels which decrease size 
cross section they spread from the main trunk. The light background represents the origi- 
nal surface which single oxide coating has been applied. The density the half-tone the 
upper left results from three superimposed layers: the uncorroded background and the bottom 
and top the cavity formed the lateral corrosion. The regions which are darker than this 
large gray area may result from greater number superimposed oxide films from the film 
being different angle the electron beam. 


Fic. The typical block type attack seen this pit enables determine the orien- 
tation the substrate. will noticed that the upper left side the pit has different 
orientation from the lower right indicating that the pit has formed grain boundary. This 
may compared Fic. wherein the pit occurred away from grain boundaries. This pit, 
which reminds one scientist reading his manuscript, have penetrated the surface 


least two places and joined underneath the surface. The triangular light spot which appears 
the head the seems one point entry into the metal and the 
corner the seems another point. The small pit the lower right the 
field one the smallest pits seen and probably had life about one minute. 
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Fic. Fifteen minute pit center grain annealed sheet. Electron photomicrograph 
(as viewed from below). 3000 


Fic. Fifteen minute pit grain boundary annealed sheet. Electron photomicrograph 
(as viewed from below). 
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This photomicrograph special interest because the double film observed 
the surface around the pit. first glance, appears that there single, rather thick, film 
over the entire surface and that this film thicker and has cracked near the pit. Closer exami- 
nation reveals, however, that there thin film covering these cracks, the thickness which 
seems about the same the film thickness within the pit. believe that the thin film that 
which was formed making the replica and that the thicker film was formed the corrosion 
process. examination numerous pits, was found that some showed this thicker film 
while others was not apparent. some cases, indeed, the pits were pretty weil obscured 
this deposit. general, whenever this heavy film deposit was found, its thickness and 
extent varied with the size the pit. Other evidence has indicated that this thick film the 
cathodic area the electrochemical pitting process. 


Fic. Only part the pit visible but will noticed that the tunnels are smaller 
cross section and the corners less sharp than was usually the case with pits Alcan annealed 
sheet. What more important, the tunnels are pretty well parallel the surface with very 
shallow penetration. This lack penetration the work-hardened metal was found quite 
general. the right hand side the field very small pit may observed; this would have 
had probable life not more than one minute. Pits such this were very often found outside 
the main corrosion product ring and away from the main pits. The number these small, 
widely scattered pits was greater the work-hardened metal than the annealed metal. 
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Fic. Thick film around min. pit annealed sheet. Electron photomicrograph (as 
viewed from below). 3000 


Fifteen minute pit work-hardened sheet. Electron photomicrograph (as viewed 
from below). 3000 
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Fic. 9(a). may seen that corrosion 
has proceeded approximately equal rates 
directions normal and parallel the surface 
the sheet. Careful examination this 
photomicrograph will reveal the typical block 
type attack prevalent Alcan annealed 
metal under these corrosion conditions. will 
also noticed that the attack led narrow 
fingers tunnels, and etching can 
shown that these are mostly the grain 
boundaries. 


Fic. 10(a). This rounded pit typical 
the type corrosion observed the 10-week 
pits. The small fingers that led the attack 
the 24-hr. pits are longer seen and the block 
structure has been largely replaced 
rounded crater type surface the pit. The 
type contour varied considerably within 
any one pit and from one pit another, but 
these details are shown below electron 
photomicrographs. 


Fic. The corrosion this case has 
not penetrated far direction normal 
the surface was the case with the annealed 
metal. seen that the leading tunnels 
attack are for the most part parallel the 
surface. The coarse block structure not ob- 
served this case. obvious from com- 
parison and that the shape 
the grain major factor controlling 
pitting corrosion this particular stage. 


tween this pit and the pit shown 10(a) 
quite typical. this pit the penetration 
very shallow and the attack has advanced 
large extent direction parallel the 
surface. There also tendency for two 
more pits combine form one larger pit. 
This tendency more prevalent the work- 
hardened sheet and one reason why these 
pits are wider than those annealed sheet. 
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Fic. 9(a). Cross section typical hr. 9(6). Cross section typical hr. 
pit annealed sheet. Br. field. pit work-hardened sheet. Br. field. 


Fic. 10(a). Cross section typical Fic. Cross section typical 
week pit annealed sheet. Br. field. week pit work-hardened sheet. Br. field. 
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Fic. 11. The block the 24-hr. pits, shown previously 9(a), replaced 
these 10-week pits surface which mostly rounded resembling multitude craters 
(hills when seen upside down they are here). These large craters are seen cover most the 
field and their surfaces are made great many smaller craters. Looking the 
bottom side the replica like this, see the tunneling very clearly; very similar the 
tunneling found the initial stages pitting. The small area block structure the center 
the field quite typical structures often associated with the tunnel type attack. one 
place the tunnel seen have followed the path square, leaving unattacked metal the 
center. Presumably this the manner which the tiny blocks aluminum seen 
are removed from the matrix. 


Fic. 12. Here again find the large rounded craterlike structure. the surface the 
large crater the upper right part the field will seen block structure which the 
corners are well rounded. interesting speculate whether the block type attack 
occurred first, followed the crater type whether the block attack took place the surface 
the existing crater. special interest the deep square pit the center the crater. the 


lower right hand corner another example the tunneling which seen here and there these 
deep pits. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


PLATE 


4 


* 


Fic. 11. Surface week pit annealed sheet. Electron photomicrograph (as viewed from 
below). 


Fic. 12. Surface week pit annealed sheet. Electron photomicrograph (as viewed from 


below). 5000 
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Fic. 13. few scattered places these pits very sharp block pattern may observed 
seen this field. Intermingled with the block structure one sees parts craters and from 
stereo examinations appears that the crater attack preceded the block attack. Presumably 
craters are gradually disappearing this area and corrosion had continued they would 

have been completely replaced the block structure. 


Fic. 14. The similarity this photomicrograph and quite striking when examined 


stereo, Although there more surface detail the faces the blocks this sample, 
the general pattern about the same. somewhat surprising that concentrated acid etch 
results structure similar that produced water corrosion. 


| 
4 
| 
ees 
> 
con 
re 
: 
| 


PLATE VII 


Fic. 13. Sharp block structure week pit annealed sheet. Electron photomicrograph 
(as viewed from above). 


14. Sharp block structure produced chemical etching annealed sheet. Electron 
photomicrograph (as viewed from above). 
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15. This field typical most the surface 10-week pits work-hardened metal. 
rounded structure, also seen the annealed metal, was even more predominant here. The 
manner which the attack proceeds around constituents also shown. 


Fic. 16. few parts each pit one usually finds areas such this where rough block 


type attack seen. have come expect after examining many micrographs, the block 
pattern not perfectly developed the annealed sheet. 
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PLATE VIII 


Fic. 15. Surface week pit work-hardened sheet. Electron photomicrograph (as 
viewed from above). 


Fic. 16. Imperfect block structure week pit work-hardened sheet. Electron photo- 
micrograph (as viewed from above). 
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Fic. This shows the typical crater type attack, well the same tunnel attack which 
was seen previously. the lower right may seen that the tunnel joins trench the 
surface the crater. seems likely that this trench was one time tunnel and that was 
opened with the advance the crater surface. 
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Fic. 17. Tunnel attack week pit work-hardened sheet. Electron photomicrograph 
(as viewed from below). 
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